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Description 

Device and method for testing integrated circuits 

The invention relates to a device and also a method for 
parallel testing of integrated circuits. 

The production test of integrated circuits constitutes 
a significant cost factor in the production of such 
integrated circuits. In order to optimize the costs 
arising during the production test of integrated 
circuits, it is often attempted to utilize the capacity 
of the available test apparatuses in the best possible 
manner. If the test algorithm with which the integrated 
circuits are tested is optimized for a minimum test 
time, all possibilities for reducing costs have already 
been exhausted in the case of this approach. 

A further approach for testing integrated circuits 
consists in checking a plurality of integrated circuits 
simultaneously on a tester. This requires 
correspondingly converting the testers used, in 
particular adapting the load board for receiving a 
plurality of integrated circuits. In this case a load 
board is understood to be a receptacle which is used 
during such a test and is able to receive one or a 
plurality of integrated circuits to be tested. In the 
case of parallel tests of integrated circuits that have 
been carried out in this way, it has not been possible 
heretofore to supply the integrated circuits to be 
tested with the same signal level. Therefore, the 
results of such parallel tests of integrated circuits 
often have only little meaningf ulness . This has the 
effect that in such parallel tests, inherently 
defect-free integrated circuits are sorted out and 
defective integrated circuits are deemed to be good. 
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It is an object of the present invention to provide a 
device and also a method by means of which a parallel 
test of integrated circuits that supplies reliable and 
meaningful test results can be carried out in a simple 
5 manner . 

This object is achieved by means of the subject matter 
of the independent patent claims. Advantageous 
developments of the invention emerge from the 
10 respective subclaims. 

The invention relates to a test device for testing 
integrated circuits, in particular dynamic 

analog- to-digital converters/AD converters, and also 
15 sigma-delta converters. In this case, the present 
invention is not limited to the test of such 
converters, but rather can be used wherever analog 
voltages with high accuracy are required. 

2 0 The test device according to the invention has a common 
precision signal generator, which generates a test 
signal, in particular an analog ramp voltage or a 
sinusoidal voltage or current profile, and which is 
connected via connecting lines to input contacts 

2 5 arranged in particular on the load board - for the 
integrated circuits to be tested. Furthermore, the test 
device comprises at least one reference signal 
generator, in particular a reference voltage source, 
which can generate a constant reference signal, in 

30 particular a limit voltage value. In this case, the 
reference signal represents a maximum value or a 
minimum value which the test signal is intended to 
exceed or fall below. In this case, the reference 
signal generator is constructed in such a way that it 

35 can make available a very accurate test signal 
reference, in particular a very accurate voltage 
reference. Apart from the requirement of amplitude 
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accuracy, the requirements made of the reference signal 
generator are not particularly stringent because the 
reference signal is only operated virtually in 
nonloaded fashion and has to be stable only during a 
5 measurement cycle that usually lasts a few hundred 
milliseconds . 

Each input contact has at least one comparator unit 
which is arranged close to the input contact and which 

10 can be operated in a test mode. In said test mode, it 
is possible to ascertain individually for each 
integrated circuit to be tested whether the value of 
the test signal becomes too large or too small or 
whether the test signal exceeds or falls below the 

15 reference signal. In this case, the precision signal 
generator can be switched off directly by the relevant 
comparator unit. 

In accordance with a basic concept of the invention, 
20 the parallelization of the test ensures that n 
integrated circuits can be tested simultaneously. This 
reduces the total test time by the factor n. The device 
equipment of the tester used remains the same. Only the 
load board has to be adapted for receiving a plurality 
25 of integrated circuits. 

The integrated circuits are supplied with the same 
input signal by a common precision signal generator. By 
contrast, the digital outputs of the integrated 
3 0 circuits are evaluated separately. 

The fact that the comparator unit is in each case 
arranged directly at the input contact assigned to it 
ensures that the test signals which are present 
35 directly at the integrated circuit are in each case 
detected and taken into consideration. This is because 
between the precision signal generator and the input 
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contacts, the test signals are passed via a plurality 
of board planes to the integrated circuit to be tested. 
Each of the transitions between the board planes has an 
ohmic contact resistance. Due to possible soiling, 
5 oxidation or wear, it is scarcely possible to ensure 
the exact control of these resistances during 
production use. Even when there are extremely small 
currents, this may lead to considerable voltage drops 
on the path from the precision signal generator to the 
10 respective integrated circuit. 

In accordance with a first embodiment of the invention, 
the test device comprises two reference signal 
generators. In this case, the first reference signal 

15 generator generates a lower reference signal and the 
second reference signal generator generates an upper 
reference signal. In the case of this embodiment, each 
input contact has two comparator units, to be precise a 
first comparator unit, which is connected to the first 

2 0 reference signal generator, and a second comparator 
unit, which is connected to the second reference signal 
generator . 

This ensures that the integrated circuits are only 
2 5 tested with test signals which are arranged within the 
test interval spanned by the lower and upper reference 
signals. As a result, the test signal values actually 
present at the input contacts of the integrated 
circuits can be reliably controlled. 

30 

In accordance with a further embodiment of the 
invention, in each case two lines, namely a calibration 
line and a reference line, are led from the reference 
signal generator or from the reference signal 
35 generators to the comparator unit(s). Furthermore, each 
comparator unit also comprises a calibration unit, to 
the control input of which the output of the comparator 



File ref. FIN 501 P/200351982 

- 5 - 

unit is led in each case. The calibration line and the 
reference line are led as closely as possible together 
with the signal line, so that all these lines 
experience the same external disturbances. The 
5 comparator unit can also be operated in a calibration 
mode, in which the switching properties of the 
comparator unit, in particular the of f set /deviation 
with respect to the zero value and the 
hysteresis/subsequent action of the test signal after 
10 the turn-off are set by means of the signal values 
present on the calibration line and on the reference 
line of the calibration unit being compared with one 
another . 

15 The integrated circuits to be tested in parallel may 
have different manufacturing-dictated internal offsets. 
By virtue of the fact that all the integrated circuits 
are connected to a common signal generator, offset 
errors may occur which identify a good integrated 

2 0 circuit as defective and thus lead to a reduction of 

the yield. Such offset errors are reliably avoided 
through the adjustment of the offsets in the 
calibration mode. 

25 The calibration mode, which is to be performed in 
particular at the beginning of testing, ensures that 
the comparator unit switches exactly at the same 
voltages and that the precision signal generator is 
turned off in the test mode exactly when the value of 

3 0 the reference signal is reached. 

For this purpose, it must be ensured that the 
comparator unit(s) has/have a high- impedance input, 
thereby ensuring that no currents flow via the 
35 calibration line and via the reference line and, 
consequently, no voltage drop occurs on these two lines 
even in the case of relatively large contact 
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resistances. It is thereby ensured that the reference 
voltage is present exactly at the input of the 
comparator unit(s) independently of the quality of the 
lead routing. 

5 

In accordance with a further basic concept of the 
invention, the provision of this calibration mode 
ensures that all the integrated circuits to be tested 
in parallel are supplied with exactly the same voltage 

10 levels. The test values actually present at the input 
contacts of the integrated circuit are known and do not 
exceed/ fall below the reference signal values generated 
by the reference signal generators. The accuracy and 
the reliability of the input signals and hence of the 

15 test results can thereby be significantly increased. 

This is because the input pins of the different 
integrated circuits are situated spatially separately 
from one another on the load board. Without such a 
2 0 calibration mode, the input signals actually present at 
the input contacts, even if a common precision signal 
generator is present, are different and not identical 
to the expected test signal due to the line routing, 
due to the transition resistances and due to the 

2 5 external interference influences. 

In one advantageous development of the invention, the 
comparator unit(s) can be switched back and forth 
between the test mode and the calibration mode, so that 

3 0 the calibration mode and the test mode can be performed 

one after the other or alternately. 

In a form of realization of the test device according 
to the invention that can be produced in a simple 
3 5 manner, each comparator unit comprises a comparator in 
each case. It is particularly simple and cost-effective 
if the test device comprises a respective comparator 
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having two inputs and having an output. The first input 
of each comparator is connected to the reference line 
of the relevant reference signal generator, and the 
second input of each comparator can be connected to the 
5 calibration line of the relevant reference signal 
generator and to the connecting line of its input 
contact. The output of each comparator can be connected 
to its calibration unit and to the precision signal 
generator. In this case, the switching properties, in 
10 particular the offset and the hysteresis of the 
comparator, can be set by means of the calibration 
unit . 

If a decision logic unit is provided, furthermore, 
15 which is connected to the comparator units and which 
can generate control signals for the precision signal 
generator from the output signals of the comparator 
units, the comparator units or the comparators can be 
calibrated in parallel prior to the beginning of a test 

2 0 cycle. A further acceleration of the test can thereby 

be achieved. 

On account of external disturbances or due to the 
influence of the different signal paths, it is possible 
25 that the test mode in the case of the different 
integrated circuits will start and end at slightly 
offset points in time. In order to prevent this, the 
reS p ec tively valid time window is communicated to the 
evaluation logic of the tester. For this purpose, the 

3 0 invention provides a respective validation signal line 

leading from each comparator unit to the relevant 
output line which attaches to the output contact of the 
integrated circuit to be tested. Via said validation 
signal line, a validation signal is passed to the 
3 5 respective output line, in particular to an AND gate 
arranged downstream of the output contact, where it is 
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logically combined with the digital output of each 
integrated circuit. 

The above-described test device according to the 
5 invention can be realized in various ways. The 
different instances of the test device according to the 
invention in this case differ merely in the 
partitioning or in the arrangement of the individual 
elements of the test device according to the invention. 

10 Depending on the availability of circuit area on the 
integrated circuits, individual elements or even all of 
the elements of the test device described can be taken 
up into the integrated circuits as a 

BIST/Built-In-Self -Test circuit. Cost savings can be 

15 attained depending on how many elements of the test 
device according to the invention can be taken up on 
the integrated circuit. 

The invention also relates to an integrated circuit 
2 0 having a test device described above. In this case, the 
test device is monolithically integrated on said 
integrated circuit and formed in addition to the actual 
circuit of the integrated circuit. In this case, it is 
possible for the common precision signal generator to 

2 5 be replaced by local digital signal sources formed in 

the integrated circuits. This on-chip solution is 
particularly cost-effective . 

In the case of this form of realization of the test 

3 0 device, the entire arrangement of the test device 

described having the precision signal generator, having 
the comparator unit or having the comparator and having 
the calibration unit and also having the reference 
signal generators can be positioned on the integrated 
35 circuit. However, this presupposes that the additional 
chip area required for this purpose is available. 
Particularly in the case of integrated circuits in 
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which the switching area is only limited by the number 
of connecting contacts to be applied, there is 
generally enough chip area available. In the case of 
this form of realization of the invention, a filter, in 
5 particular a low-pass filter, which is able to convert 
a test signal generated into a desired analog signal, 
is additionally required on the load board for each 
integrated circuit. The reference voltage sources may 
be realized for example by highly stable and 
10 temperature-compensated band gaps. This embodiment of 
the test device according to the invention is 
particularly optimal in respect of costs, especially as 
it no longer presupposes any specific tester properties 
whatsoever and can be employed particularly diversely. 

15 

The above-described test device according to the 
invention may furthermore be formed on a load board for 
receiving at least one needle card for testing 
integrated circuits and/or having at least one test 

2 0 receptacle for testing integrated circuits and/or for 

connecting a handler to a tester of integrated 
circuits. In this case, all the elements of the test 
device described above can be positioned on the load 
board. 

25 

As an alternative thereto, in the case where the test 
device is formed on the load board, it is also possible 
for the central precision signal generator of the 
tester to be replaced by digital signal sources which 
30 are taken up locally into the integrated circuits. The 
comparator units or the comparators are positioned on 
the load board in the case of this arrangement and can 
control the internal precision signal generators. This 
presupposes that the integrated circuit has an external 

3 5 control interface, such as e.g. an I 2 C bus. This is the 

case for many mixed- signal modules. Therefore, these 
are particularly suitable for this solution. 
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The invention furthermore relates to a tester for 
testing integrated circuits, which has a plurality of 
instruments for generating signals or data streams and 
5 a plurality of measuring sensors, in particular for 
currents and voltages. The tester furthermore comprises 
a load board described above and a test device likewise 
described above. In this case, the precision signal 
generator and the reference signal generator (s) are 

10 arranged on the tester and the comparator units or the 
comparators with the calibration units are arranged on 
the load board, in each case adjacent to the input 
contacts for the integrated circuits. A tester with a 
test device arranged in this way can test in parallel a 

15 virtually arbitrary number of integrated circuits, the 
test device according to the invention ensuring that 
the test results obtained in the process are reliable. 

The invention also relates to a method for parallel 
20 testing of a plurality of integrated circuits. In this 
case, firstly provision is made of a tester having a 
load board already described. Said load board is 
populated with a plurality of integrated circuits. In 
this case, the tester, the load board or the integrated 
25 circuits are present in one of the forms of realization 
described above and have a precision signal generator, 
at least one reference signal generator and a 
respective comparator unit or a comparator with a 
calibration unit for each integrated circuit. 

30 

The test mode that is then to be carried out is carried 
out as follows. Firstly, a test signal is generated by 
a precision signal generator and is applied to the 
integrated circuits. At least one reference signal is 
3 5 then generated by the reference signal generator (s) and 
applied to the comparator units. The test signals and 
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the reference signals are present in particular as 
voltages. 

In particular, the reference line of the reference 
5 signal generator and the signal line of the precision 
signal generator are present at the inputs of the 
comparator unit. The output of the comparator units is 
led in particular to a control input of the precision 
signal generator. 

10 

The test signal and the respective reference signals 
are then compared with one another by the comparator 
units. At the beginning of the measurement, the 
precision signal generator starts with a test signal 

15 value of zero and rises linearly with time. If the test 
signal reaches the reference value, the relevant 
comparator unit switches and turns off the precision 
signal generator. The measurement operation is then 
concluded. The precision signal generator can be reset 

2 0 for the next measurement cycle. 

This method ensures that test signals lying within a 
desired interval are applied to the integrated 
circuits. Reliable and dependable test results are 

2 5 thereby produced. 

In one advantageous development of the method 
described, a calibration mode is carried out before or 
after the test mode is carried out. In the case of said 

3 0 calibration mode, the inputs of the comparator units 

are in each case connected to the calibration line and 
to the reference line of the relevant reference signal 
generator. The switching properties of the comparator 
units are then set by means of the signal values of the 
3 5 calibration line and of the reference line which are 
present at the relevant comparator units. In this case, 
in particular the offset and the hysteresis of the 
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comparator unit are adjusted by the calibration unit 
until said comparator unit switches exactly upon 
voltage identity. It is thereby ensured that the 
reference signal is present exactly at the input of the 
5 comparator unit independently of the quality of the 
lead routing. Particularly accurate and reliable test 
results can be obtained by application of the 
calibration mode. 

10 The method according to the invention can be carried 
out by means of an above-described test device and also 
by means of an above-described integrated circuit 
having such a test device, by means of an 
above-described load board having such a test device, 

15 and by means of an above-described tester having such a 
device. The possibilities for the use of the method 
according to the invention are accordingly extremely 
diverse. 

2 0 The invention is also realized in a computer program 

for executing the method for parallel testing of 
integrated circuits. In this case, the computer program 
contains program instructions which cause a computer 
system to execute such test methods in an embodiment 

25 described above. In this case, in particular the method 
steps of the test mode and of the calibration mode are 
controlled by means of a computer system or carried out 
on a computer system itself. The computer program 
outputs the results of the tested integrated circuits 

30 as digital data sequences or in a form of 
representation generated therefrom on an output unit, 
in particular on a screen or on a printer, or stores 
these result data in a memory area. Integrated circuits 
can be tested rapidly, effectively and reliably by 

3 5 means of the computer program according to the 

invention, the parallel treatment of a plurality of 
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circuits resulting in a significant acceleration of the 
test run time. 

The invention additionally relates to a computer 
5 program, which is contained on a storage medium, in 
particular in a computer memory or in a random access 
memory, or which is transmitted on an electrical 
carrier signal . The invention also relates to a carrier 
medium, in particular a data carrier, such as e.g. a 

10 floppy disk, a Zip drive, a streamer, a CD or a DVD, on 
which a computer program described above is stored. 
Furthermore, the invention relates to a computer 
system, on which such a computer program is stored. 
Finally, the invention also relates to a download 

15 method, in which such a computer program is downloaded 
from an electronic data network, such as from the 
Internet, for example, onto a computer connected to the 
data network. 

2 0 The invention is illustrated in more detail on the 

basis of an exemplary embodiment in the drawings. 

figure 1 shows a schematic illustration of a tester 
setup, 

figure 2 shows a first parallel test illustration with 

three AD converters, 
figure 3 shows a first test circuit diagram for a 

first AD converter, 
figure 4 shows a second test circuit diagram for the 

first AD converter, 
figure 5 shows a parallel test circuit diagram with 
three AD converters . 

Figure 1 shows a schematic illustration of a tester 

3 5 setup 1. 



25 



30 
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The tester setup 1 comprises a control computer system 
101, which is connected via a network line 103 to the 
signal generators and measuring instruments 
102 - designated as "rack instruments" in figure 1 - 
and to a measurement table 106 and also via a control 
line 104 to the tester 105. Situated on the measurement 
table 106 is a bearing area 107, often also referred to 
as a chuck. Semiconductor wafers with integrated 
circuits to be tested, or integrated circuits that have 
already been separated, which are not shown in 
figure 1, bear on said bearing area 107. They are 
contact-connected by a receptacle for housed components 
or by a needle card 108 and connected to a switching 
matrix 113 via a first intermediate plane 109, via a 
second intermediate plane 110, via a third intermediate 
plane 111 and via a fourth intermediate plane 112 and 
via measurement data lines 114. A load board provided 
for receiving one or a plurality of integrated circuits 
is likewise not illustrated in figure 1. 

The switching matrix 113 is connected to the tester 105 
and to the measuring instruments 102 by means of 
measurement data lines 114. In this case, the switching 
matrix 113 is constructed in such a way that it can 
conduct the signals of the measuring instruments 102 
and the input data of the tester 105 via the 
intermediate planes 109 - 112 to specific connecting 
contacts of the needle card 108 or to specific 
connecting contacts of the load board (not shown in 
figure 1) . The lines connecting the load board to the 
tester 105 are also referred, to as "tester channels". 

The tester 105 is a cost-effective tester which 
operates digitally and which may be equipped with 
optional analog measuring devices and analog 
generators. In this case, the highly sensitive 
measuring instruments 102 that operate highly 
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accurately are arranged at a specific distance from the 
measurement table 10 6 and from the tester 105 in a 
separate measuring instrument cabinet. 

5 The data lines between the measuring instruments 102 
and the connecting contacts of the needle card 108 and 
also of the load board have a length of up to 2 m. This 
long line routing and the ohmic contact resistances of 
the transitions between the intermediate planes 
10 109 - 112 result in voltage drops of the measurement 
signals generated by the measuring instruments 102 at 
the test contacts of the needle card 108 and of the 
load board. 

15 Figure 2 shows a first parallel test illustration 2 
with three AD converters. 

In the case of the first parallel test illustration 2, 
provision is made of a precision signal generator 201 

20 arranged at the measuring instruments 102, said 
precision signal generator being able to generate an 
analog ramp voltage. Said ramp voltage is applied via a 
first test signal line 202 to a first input contact 
211, to a second input contact 221 and to a third input 

25 contact 231. Said ramp voltage present at the input 
contacts 211, 221 and 231 is processed by a first AD 
converter 21, by a second AD converter 22 and by a 
third AD converter 23. The digital output values 
respectively generated by the AD converters 21 - 2 3 

3 0 depending on the analog ramp voltage are forwarded from 
output contacts 212, 222 and 232 to a memory area of 
the tester 105, said memory area not being specifically 
designated in figure 2. The input contacts 211, 221 and 
231 and also the output contacts 212, 222 and 232 are 

3 5 arranged on the load board. 
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Afterward, the measured output values are compared with 
the expected desired values by the tester 105, which 
thereupon outputs a fail signal or a pass signal 
stating whether or not the relevant AD converter has 
5 passed the test. 

In order to check that the voltage output by the 
precision signal generator 2 01 reaches the AD 
converters 21-23, a first reference line 203 is led 

10 in parallel with the first test signal line 202 and 
returns the fed-in voltage value to the tester 105 
again. It becomes clear from the illustration in 
figure 2 that said first reference line 203 leads only 
as far as the branching point of the first test signal 

15 line 202 and, accordingly, can return to the tester 105 
only the test voltage present at said branching point, 
but not the actual input voltage present at the input 
contacts 211, 221 and 231. A branching of the first 
reference line 203 to the input contacts 211, 221 and 

20 231 is not yet possible on conventional testers. 

A check of the contact resistances between the 
intermediate planes 109 - 112 shown in figure 1 is 
carried out once when setting up the load board with 
25 the aid of a TDR measurement/ time domain ref lectometer 
measurement . 

A precondition in regard to the test carried out in 
accordance with first parallel test illustration 2 

3 0 supplying dependable test results consists in the 
voltage output by the precision signal generator 201 
being present unchanged at the input contacts 211, 221 
and 231. This is not the case in practice, however, 
especially as the signal lines, in particular the first 

3 5 test signal line 2 02, are very long and a considerable 
voltage drop is generally produced as a result of 
contact resistances in the line routing. This is 
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because, as can be seen in figure 1, the first test 
signal line 2 02 leads from the tester 105 via the 
measurement data lines 114, via the switching matrix 
113 and via the intermediate planes 109 - 112 as far as 
5 the input contacts 211, 221 and 231 on the load board. 
The first parallel test illustration 2 is therefore 
greatly simplified and only of limited functionality. 

Customary testers can be used for the first parallel 
10 test illustration 2. Only the load board has to be 
adapted for receiving a plurality of AD converters 
21 - 23. 

Figure 3 shows a first test circuit diagram 3 for the 
15 first AD converter 21. 

The first test circuit diagram 3 comprises a first 
reference signal generator 3 01, which is connected via 
a long second test signal line 306 and via a plurality 
2 0 of intermediate planes 109 - 112 to the input contact 
211 of the first AD converter 21 to be tested on the 
load board. A first comparator 302 with a first 
calibration unit 3 03 lies very close to the first input 
contact 211. The first calibration unit 303 is 

2 5 connected to the first comparator 3 02 and controls the 

latter. The measuring instruments 102 comprise a first 
reference signal generator 3 01, to which a second 
reference line 307 and also a first calibration line 
308 are attached. The second reference line 307 leads 
30 to the first input of the first comparator 302. The 
first calibration line 308 leads to the second input of 
the comparator 302. A first switch 304 is provided 
directly upstream of the second input of the first 
comparator 302, said first switch being constructed in 

3 5 such a way that it can connect the second input of the 

first comparator 302 either to the first calibration 
line 308 or to the second test signal line 306. A 



File ref. FIN 501 P/200351982 

- 18 - 

second switch 3 05 is arranged at the output of the 
first comparator 302, said second switch being able to 
connect the output either to the calibration unit 303 
or to a first turn-off line 309 connected to the 
5 precision signal generator 201. 

The second test signal line 306, the second reference 
line 307 and the first calibration line 3 08 are led 
together as closely as possible so that all three lines 
10 experience the same external disturbances. In figure 3, 
the switch positions of the switches 304 and 305 are 
designated by the letters "T" for test mode and "K" for 
calibration mode. 

15 In the present exemplary embodiment, the first 
reference signal generator 3 01 is set to the maximum 
value of the voltage profile of the precision signal 
generator 201. 

2 0 In the test mode, the switches 3 04 and 3 05 in each case 

assume the switch position "T" . In this case, the 
voltage of the precision signal generator 3 02 and the 
voltage of the first reference signal generator 301 are 
present at the inputs of the first comparator 302. The 

25 output of the first comparator 302 is led. to the 
precision signal generator 201. At the beginning of the 
test mode, the precision signal generator 201 firstly 
generates the test voltage value of zero. The generated 
test voltage values then rise linearly with time. If 

30 the test voltage of the precision signal generator 201 
reaches the value of the reference voltage, the first 
comparator 3 02 switches and thus turns off the 
precision signal generator 201. The measurement 
operation is concluded and the precision signal 

3 5 generator 2 01 can be reset for the next measurement 

cycle . 
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This method functions correctly, however, only when the 
first comparator 302 switches exactly at identical 
voltages. In order to ensure this, the first comparator 
3 02 must firstly be calibrated before the measurement 
5 operation described. For this calibration mode, the 
switches 3 04 and 3 05 are brought to the switch position 
"K" . The first calibration line 308 and the second 
reference line 3 07 are now connected to the inputs of 
the first comparator 302. The output of the first 
10 comparator 3 02 leads to the control input of the first 
calibration unit 303. 

In the calibration mode, the first calibration unit 303 
automatically adjusts the offset and the hysteresis of 
15 the first comparator 302 until the latter switches 
exactly upon voltage identity. It is thus ensured that, 
in the test mode, the precision signal generator 201 is 
turned off exactly when the reference voltage of the 
first reference signal generator 301 is reached. 

20 

Figure 4 shows a second test circuit diagram 4 for the 
first AD converter 21. 

In the case of the second test circuit diagram 4, the 

2 5 calibration method described in figure 3 is extended to 

a two- stage min-max calibration. The second test 
circuit diagram 4 has a second reference signal 
generator 4 01 for generating a maximum reference 
voltage and a third reference signal generator 411 for 

3 0 generating a minimum reference voltage. 

The second reference signal generator 401 is assigned a 
second comparator 402 and a second calibration unit 403 
and also a third switch 404 and a fourth switch 405. 
3 5 The construction and the connection of these elements 
corresponds to the construction described in figure 3 . 
The third reference signal generator 411 is assigned a 
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third comparator 412 and a third calibration unit 413 
and also a fifth switch 414 and a sixth switch 415. The 
construction and the interconnection of these elements 
likewise corresponds to the construction described in 
5 figure 3 . 

In the case of the min-max calibration in accordance 
with the second test circuit diagram 4, the minimum 
value of the voltage to be generated by the precision 

10 signal generator 2 01 is also defined, to be precise by 
the third reference signal generator 411. In the case 
of the second test circuit diagram 4, five lines are 
led directly alongside one another, to be precise the 
third test signal line 409 with the third reference 

15 line 406, with the second calibration line 407, with 
the fourth reference line 416 and with the third 
calibration line 417 . 

In the test mode with the switch position "T" of the 
20 switches 404, 405, 414 and 415, the third comparator 
412 continuously checks whether the voltage present at 
the first input of the third comparator 412 falls below 
the minimum reference voltage value present at the 
second input of the third comparator 412. If this is 

2 5 the case, then the third comparator 412 switches and 

simultaneously turns off the precision signal generator 
201. Analogously to this, the second comparator 402 
switches if the voltage value present at its second 
input exceeds the maximum reference voltage value. 

30 

In the calibration mode with the switch position "K" of 
the switches 404, 405, 414 and 415, the comparators 402 
and 412 are set by their calibration units 403 and 413 
in each case in such a way that they switch exactly 

3 5 upon voltage identity. The calibration mode is usually 

carried out prior to the test mode. 
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Figure 5 shows a parallel test circuit diagram 5 with 
the test AD converter 21, with the second AD converter 
22 and with the third AD converter 23. 

5 The parallel test circuit diagram 5 comprises, in the 
same way as the second test circuit diagram 4, the 
precision signal generator 2 01, the second reference 
signal generator 401 and the third reference signal 
generator 411. For the sake of clarity, the comparators 

10 402 and 412 shown in figure 4 and also the respectively 
assigned calibration units 403 and 413 and switches 
404, 405, 414 and 415 have been combined in figure 5 
respectively to form a first comparator unit 501, a 
second comparator unit 511 and a third comparator unit 

15 521. 

As can be seen in figure 5, the third reference line 
406 and the second calibration line 407 of the second 
reference signal generator 401 and also the fourth 
20 reference line 416 and the third calibration line 417 
of the third reference signal generator 411 are in each 
case branched and led to the comparator units 501, 511 
and 521. 

25 The third test signal line 409 issuing from the 
precision signal generator 201 is likewise branched and 
led both to the input contacts 211, 221 and 231 and to 
the comparator units 501, 511 and 521. 

30 A first AND gate 505, a second AND gate 515 and a third 
AND gate 52 5 are respectively provided downstream of 
the output contacts 212, 222 and 232, the output 
contacts 212, 222 and 232 respectively being connected 
to the first input of said AND gates. 

35 

A first validation signal line 504 extends from the 
first comparator unit 501 to the first AND gate 505. 
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Likewise, a second and a third validation signal line 
514 and 524 respectively pass from the comparator units 
511 and 521 to the AND gates 515 and 525. 

5 Furthermore, the parallel test circuit diagram 5 
comprises a decision logic unit 531, which is likewise 
arranged on the load board. The comparator units 501, 
511 and 521 are connected to the decision logic unit 
531 by means of output signal lines 502, 503, 512, 513, 
10 522 and 523. The decision logic unit 531 is connected 
to the precision signal generator 2 01 by means of a 
control signal line 532. 

Each of the AD converters 21-23 has a dedicated 
15 calibration unit 501, 511 and 521 at its input contact 
211, 221 and 231, said calibration unit being supplied 
with five lines, to be precise with a respective 
calibration line 406 and with a respective reference 
line 407 for the maximum voltage level, with a 
20 respective calibration line 417 and with a respective 
reference line 416 for the minimum voltage level and 
also with a test signal line 409 for the analog ramp 
signal . 

25 The comparator units 501, 511 and 521 are calibrated in 
parallel prior to the beginning of each test cycle. In 
this calibration mode, the output signals of the 
calibration units which are contained in the comparator 
units 501, 511 and 521 and are not shown separately in 

30 figure 5 are passed jointly to the decision logic unit 
531, which derives the control signals for the 
precision signal generator 201 from these signals. The 
derivation of these control signals is clear to the 
person skilled in the art from the information 

35 contained in this patent specification and need not be 
explained in any greater detail here. 
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The AD converters 21 - 23 are subsequently tested in 
the test mode. If test values lying outside the 
permissible interval are ascertained by one of the 
comparator units 501, 511 and 521, then the precision 
5 signal generator 2 01 is turned off by the decision 
logic unit 531. 

On account of external disturbances or due to the 
influence of the different signal paths, it is possible 

10 that the measurement operation in the case of the AD 
converters 21 - 23 will start and end at slightly 
offset times. Therefore, the valid time window must be 
communicated to the tester 105 or the evaluation logic 
present on the tester 105. This is done by means of a 

15 validation signal which is generated by the comparator 
units 501, 511 and 521 and is communicated to the AND 
gates 505, 515 and 525 via the validation signal lines 
504, 514, 524. 



